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Part I-Influence on Starters of Air Supply, Tem-
peraturoe of Incubation, and Rate of Ripening 
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IOWA STATE COLLEGE OF AGRICULTURE 
AND MECHANIC ARTS 
DAIR Y SECTION 
AMES, IOWA 
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Part I- Influence on Starters of Air Supply, 
T emperature of Incubation, and 
Rate of R ipening 
By P. TOE.\'S* Al"D B. W. HAMMER 
Altho starters made with selected cultures have been used 
for many years, their satisfactory preparation in quantities still 
remains one of the big problems of the butter-making industry. 
Data recently reported have proven that starters contain at least 
two organisms instead of only the common acid producing type, 
Streptococcns lactis, and while this information has shown that 
it is necessary to keep a proper balance between the organ-
isms and has indicated the reason for some of the unsatisfac-
tory results in the carrying of starters, it has not provided 
methods that enable the butter manufacturer to prepare uni-
formly good starters. The results herein reported were ob-
tained to determine the influence of such factors as air sup-
ply, temperature of incubation, and rate of ripening on the 
quality of starters. 
INFLUENCE OF AIR SUPPLY ON ACIDITY AND 
QUALITY OF STARTERS 
Studies on the influence of the air supply on the acidity and 
quality of starters were conducted along two lines: first, when 
the inoculating material was taken from a culture carried in a 
glass-stoppered bottle, and second, when the inoculating mate-
rial was taken from a culture grown in a container of the type 
in which it was to be used. 
"Methods. 'fhe method employed to vary the air supply con-
sisted of using 140 c. c. of milk in each of three types of con-
tainers, a cotton-stoppered Erlenmeyer flask, a wide-mouthed 
cotton-stoppered bottle and a six ounce glass-stoppered bottle. 
The Erlenmeyer flask and wide-mouthed bottle had layers of 
milk approximating one-half inch and one inch in depth, re-
spectively, while the glass-stoppered bottle was almost full. 
The milk, after thoro mixing, was pasteurized in the contain-
ers in which it was to be used by standing them in a water 
bath, bringing the water to a boil and then shutting off the 
heat; after a holding period of about 30 minutes the milk was 
cooled by running cold water into the surrounding bath. In 
most of the trials where the inoculating material came from a 
culture grown in a glass-stoppered bottle the same inoculation 
was used in all three containers, while in the trials where the 
inoculating material came from a culture grown in a container 
*Formerly Research Fellow in Dairy Bacteriology. 
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of the type in which it was to be used, the inoculating mate-
rial was varied in an attempt to have the acidities of the i"tart-
crs n early the same. 
After cooling, the starters were poured into glasses and 
judged by someone wIn did not know the identity of the cul-
tures being ccnsidercd; the starters were placed first, second 
and third, except in a few instances wher e two of the cultures 
were considered to be indistinguishable. 
The acidities were determined by titrating a 20 gram sample 
with N/ I0 NaOH and calculating as the percent lactic acid. 
WHEN THE INOCULATING MATERIAL WAS TAKEN FROM A 
CULTURE CARRIED IN A GLASS-STOPPERED BOTTLE 
Six starters were studied, using a culture carried in a glass-
stoppered bottle for inoculating material, and each was run in 
the three types of containers for from 6 to 17 transfers. Out 
of 17 trials with starter '1'1 the acidity in the Erlenmeyer flask 
was low 13 times (76 percent), intermediate twice (12 percent) 
and was tied for low twice (12 percent) ; it never ranked high 
The wide-mouthed bottle was low in acid twice (12 percent), 
intermediate 11 times (65 percent) and high once (6 percent ) ; 
it was tied for low twice (12 percent ) and for high once (6 
percent). '1'he glass-stoppered bottle was high in acid 15 
times (88 percent ), intermediate once (6 p ercent ) and was 
tied for high once (6 percent ). In connection with these re-
sults it should be noted that the same amount of inoculating 
material was used in each container. 
The flavor of the culture in the Erlenmeyer flask with starter 
Tl ranked first 12 times (71 percent) out of the 17 trials, sec-
cnd three times (18 percent), third once (6 p ercent ) and 
was tied for first once (6 percent); witli the wide-
mouthed bottle the flavor ranked first twice (12 percent), sec-
cnd 11 times (65 percent), third three times (18 percent) and 
tied for first once (6 percent), while with the glass-stoppered 
bottle the flavor ranked second three times (18 per cent) and 
third 14 times (82 percent). 
From the r esults given it is evident that the acid develop-
ment was most rapid in the container with the restricted air 
supply and decreased in rate as the air supply was increased. 
There also seems to be a relationship between the air supply 
and the flavor since the flavor ranked highest in the starter 
grown with the most abundant air supply ; the influence of the 
air supply on the flavor may be an effect of its influence on the 
acid development. 
The results obtained with the other five starters studied 
showed the same general trend as those obtained with starter 
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Tl. The data secured with the six starters studied are sum-
marized in table 1. 
The summarized data again show the same close r elationship 
between the air supply and the acid development. High acidity 
usually occurred with a restricted air supply, low acidity with 
the most abundant air supply, while the intermediate acidity 
most ofter occurred with the medium air supply. The observed 
effect of the air supply on the acid development by a starter is 
to be expected since the acid production is mainly due to S. lac tis 
and BartheP has reported that aeration r etards a great deal the 
lactic fermentation of milk when this fermentation is accom-
plished by the bacteria belonging to the S. lac tis group (referred 
to by Barthel as the Bact. lactis acidi group of Leichmann ). In 
certain trials where the starters were held for several days in 
the different types of containers it was found that the acidity 
was still considerably higher with the restricted air supply 
which suggests that the air does not exert its effect only on 
the ~ate of acid development. 
From the summarized data it is also again evident that the 
starters grown with an abundant air supply placed first in 
flavor and aroma the most frequently, those grown with a re-
stricted air supply placed first the least frequently, while 
those grown with an intermediate air supply stood interme-
diate in the number of times they placed first in flavor and 
aroma. In judging the starters it was noted that very fre-
quently the high acidities were accompanied by over-ripe fla-
VOl'S; however, there did not seem to be a definite acidity above 
which the ov€r-rip.e flavor appeared and it is believed that acid 
is not the only factor concerned in its development. It was oc-
casionally noted that acidities accompanying an over-ripe fla-
vor in a starter were fr equently exceede:l in other starters 
without an over-ripe flavor being evident. 
In a few trials an attempt was made to control the develop-
ment of acid in the cultures grown in c ~ ntainers with the re-
stricted air supply by inoculating only half as heavily as in the 
other containers. 'With these cultures, however, the acid in-
creased rapidly enough so that it usually exceeded that of cul-
tures obtained with a heavier inoculation in other types of con-
tainers. 
It was noted that when the same amount of in ; culating mate-
rial was used in the different containers, the usual differences 
in acidity still persisted after the cultures were several days 
old. This indicates that the variations in acidity resulting 
from variations in the air supply are clue to something other 
than an influence on the rate of growth of the organisms since, 
IHarthel Chr. Influence de l'aeration dans la fermentation lactique. Revue Generale 
du Lait 3. p. 294. 
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with the extended period of incubation, there would be ample 
opportunity for growth under all the conditions of air supply. 
Since the data discussed above were obtained comparisons of 
the rate of acid development in starters grown with different 
air supplies have been made by a number of persons in the 
dairy bacteriology laboratory of Iowa State College and the 
same general results secured. In some instances the best fla-
vors and aromas have been obtained for a number of consecu-
tive trials in the containers with the restricted air supply, but 
this has usually occurred when the acidities in all three con-
tainers were low. Because of the low acidity, over-ripe flavors 
were not evident in the starter grown with the restricted air 
supply and at the same time the starter with the abundant air 
supply was so low in acid that it was somewhat lacking in fla-
vor. It should be pointed out in this connection that a certain 
amount of acid (the exact amount being rather indefinite) is 
necessary before the flavor and aroma of a starter become pro-
nounced enough to be satisfactory and that below this point 
the flavor and aroma are decidedly lacking altho the milk may 
be coagulated. 
WHEN THE INOCULATING MATERIAL WAS TAKEN FROM A 
CULTURE GROWN IN A CONTAINER OF THE TYPE 
IN WHICH IT WAS TO BE USED 
Nine starters were studied using a culture grown in the type 
of container in which it was to be used for inoculating material 
and each was run in the three types of containers for from 10 
to 15 transfers. Acidity determinations were made but no con-
clusions as to the rate of acid development could be drawn be-
cause of the variations in the amount of inoculation. 
In the 15 trials made with starter TI04 the Erlenmeyer flask 
was first in flavor and aroma once (7 percent), second six 
times (40 percent), and third eight times (53 percent). The 
wide-mouthed bottle was first seven times (47 percent), second 
six times (40 percent), and third twice (13 percent). The glass-
stoppered bottle was first seven times (47 percent), second 
three times (20 percent), and third five times (33 percent). 
These data show that the poorest results were obtained with 
the most abundant air supply; the moderate and restricted air 
supplies gave results about equally good, altho the moderate 
air supply should perhaps be rated the better because it was 
given more second and fewer third placings than the restricted 
air supply. 
The other eight starters gave results varying considerably, 
altho the general tendency was to approximate the results 
given for starter TI04. A summarized tabulation for the nine 
starters is given in table II. 
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TABLE I. ACID AND FLAVOR AND AROMA PLACINGS OBTAINED WITH SIX 
STARTERS IN THREE TYPES OF CONTAINERS-INOCULATING MA-
TERIAL FROM CULTURE GROWN IN A GLASS-STOPPERED BOTTLE. 
Erlenmeyer flask 
Acid Flavor and aroma 
\ Number 1 ,_---'P:..:l=a::.:<i:.::!!~g ___ ,_-",of:..t:::im="s,---,;-I ..::.:::c=-=-=,,--_ 
Low.. ..• •........ 56 
% of to- Ii tal trials Placing 
79 I First •. , ··· .. · .... ·1 Medium . .......... 7 
High ... ,..... . . ... 1 
Tied for low. . . . . . . . 5 
Tied for high . . . . . . . 2 
Low .............. 1 
Medium ... .... ... / 
High ... ....... .. . 
Tied for low ...... . 
Tied for high ..... . 
Low .............. 1 Medium ......... . 
High ............ . 
Tied for high .... . 
6 
42 
5 
5 
13 
4 
4 
52 
11 
10 Second ......... ... 
1 Third .............. 
7 I Tied fOr first· ······ 1 3 
Wide-mouthed bottle 
8 I First ... .. ...... .. ·1 
59 Second ............ 1 
7 \ fhird .............. j 
7 Tied for firs t ....•. 
18 
Glass-stoppered bottle 
6 \IFirst .............. 1 6 Isecond ............ 
73 Third . .....•....... 
15 TIed for first ... . .... 
Number 1% of to-
of times tal trials 
40 56 
19 27 
10 14 
2 3 
17 2'4 
39 55 
13 18 
2 3 
10 14 
12 17 
48 68 
1 1 
From the data given in table II it is apparent that the 
best results were secured with the moderate air supply, while 
the restricted air supply was second, and the abundant air 
supply was third. It should be noted that the Erlenmeyer 
flask was third a smaller number of times than the glass-stop-
pered bottle. These data are decidedly at variance with those 
obtained in the preceding section where the Erlenmeyer flask 
gave the best results. 
The starters grown in the abundant air supply were often 
criticized as having a flat flavor and lacking aroma, and it 
may be that the continued transferring in the Erlenmeyer 
flask was somewhat unfavorable for the associated organisms. 
On the other hand, the starters grown with a restricted air 
supply often had an over-ripe flavor, as with the results re-
ported in _the preceding section, and were frequently not ac-
companied by a high acidity; this suggests even more strongly 
than the data already referred to that some factor other than 
acid is important in the development of the over-ripe flavor. 
TABLE II. FLAVOR AND AROMA PLACINGS OBTAINED WITH NINE START-
ERS IN THREE TYPES OF CONTAINERS-INOCULATING MATERIAL FROM 
CULTURE GROWN IN THE TYPE OF CONTAINER IN WHICH IT WAS USED. 
Erlenmeyer W.oe-m outhed Glass- stoppered 
flask bottle bottle 
Placed first 
No. of times .... . .... ...... [ 19 "6 30 % of trials ............... 18 53 29 
Placed second 
No. of times .......... __ .. \ 42 37 26 
% of trials ................ 40 35 25 
Placed third 
No. of times ............... j 44 12 4g 
% of trails . . .... . ......... 42 11 47 
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INFLUENCE OF TEMPERATURE ON THE QUALITY 
OF A STARTER 
The work on the influence of temperature on the quality of a 
starter was divided into two sections: first, when the culture 
used for inoculating was grown at 21 ° C., and second, when 
the culture used for inoculating was grown at the same tem-
perature as that used for the starter. 
Methods. The thoroly mixed milk used in a given comparison 
was pasteurized and cooled in small glass-stoppered bottles in 
which the starters were to be grown. 'rhe incubation tempera-
tures used were 18°, 21°, 25° and 32 0 C. and these were main-
tained by fireless cookers in which the inoculated bottles were 
placed and surrounded by water at the desired temperature. 
The temperatnres of the water in the cookers were occasion-
ally adjusted. The extreme temperatures required more fre-
quent adjustment than the intermediate temperatures. The 
inoculations were varied so as to have the acidities as nearly 
the same as possible when the starters were removed and 
cooled down preparatory to judging. The judging of the 
starters was done by someone who did not know their identity. 
WHEN THE CULTURES USED FOR INOCULATING WERE 
GROWN AT 21 0 C. 
Three starters were compal'ed at 18 0 , 21 0 , 25 0 and 32 0 C., 
using a culture grown at 21° C. for inoculation and each was 
run thru from 14 to 16 trials. A temperature of 32° C. seemed 
to give the poorest results while the differences in the results 
obtained at 18°, 21 ° and 25° C. were so slight that they might 
have been due to experimental error. One of the surprising 
results of the trials was the wide range of temperature over 
which reasonably good starters could be prepared, but it 
3hould be kept in mind that these results were secured when 
:he cultures were maintained at a constant temperature during 
;he ripening. 
WHEN THE CULTURE USED FOR INOCULATING WAS GROWN 
A T THE SAME TEMPERATURE AS THAT 
USED FOR THE STARTER 
Eleven starters were compared at the four temperatures us-
ing a culture for inoculation that had been grown at the tem-
perature to be used for incubation, and each was carried thru 
from 15 to 25 transfers. Here again it was observed that very 
good results were regularly secured at all the four tempera-
tures tried. A temperature of 18° C. received more first and 
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second placings and fewer third and fourth placings than any 
of the other temperatures, bl!t none of the temperature!" 
showed outstanding advantages or disadvantages. It should 
be noted that these results were obtained when the cultures 
were held at a constant t emperature during the ripening. 
It was impossible to trace a r elationship between the favor- . 
able effect of a given temperature and certain starters, but 
there is of course the possihility that a given temperature 
might be more favorable for one starter but not for another. 
Each of the 11 starters was also carried thru a number of 
transfers at 37° C. In all instances the flavor and aroma were 
Ycry unsatisfactory and the transfers were soon stopped be-
cause the fermented material could not be called a starter. 
AlJid was rapidly produced, but the flavor and aroma were 
both decidedly lacking. It seems that, altho starters can he 
grown over a rather wide range of temperatures-at least 
18° to 32° C.-there is a point above which good starters can-
not be produced and for the starters studied, this evidently 
lies between 32 ° and 37 ° C. 
COMPARISON OlP CONSTANT AND IRREGULAR RIPEN-
ENING TEMPERATURES ON THE QUALITY 
: r OF' STARTERS 
In order to get some idea of the influence of a changing in-
cubation temperature on the quality of a starter, a series of 
comparisons were made in which one culture was maintained 
at a constant temperature during the ripening while the other, 
,,,hich had been prepared in a similar manner, was set at the 
same temperature as the check but no further attention given 
to it. '1'he temperature used for setting the two cultures was 
3~ 0 C.; in comparison with lower temperatures this tempera-
ture had given satisfactory starters and, moreover, it allowed 
of eonsiderable change in the temperature of the uncontrolled 
wlture which was held at room temperature during the ripen·· 
ing (usually a drop of from 7° t::> 9° C.). 
Methods. '1'he milk for the cultures to be compared was from 
')he same source and was pasteurized and cooled in the glass-
stoppered bottles in which the starters were to be grown. The 
inoculation was the same with the two cultures. After grow-
ing, the cultures were placed in a cooler and later jndged by 
someone who did not know the identity of them. 
Five cultures were used in the comparison of constant and 
irregular ripening temperatures; with each of three of these 
cultures 25 comparisons were made, while with each of the 
other two only six comparisons were made. 'While in many of 
the trials there was only very little difference between the 
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starters prepared by the two methods of ripening, when the 
total 87 comparisons are considered, the constant temperature 
gave the better starter 61 times (70 percent), while the irregu-
lar temperature gave the better starter 26 times (30 percent). 
It should again be noted that the initial temperature used was 
one which gave consider able variation and if a temperature 
giving a smaller variation had been employed the advantages 
of the constant temperature might not have been so pro-
nounced. In most instances the difference in the acidity was 
small and it did not seem that this could have been of any sig-
nificance from the standpoint of the quality of the starter. 
COMPARISON OF RAPID AND SLOW COAGULATION 
OF A STARTER 
In order to compare the rapid and slow coagulation of a 
8tarter a number of trials were carried out in which, by vary-
ing the amount of inoculation, one culture was ripened in from 
six to eight hours while the other required from 16 to 20 hours. 
Methods. 'rhe two cultures to be compared were prepared 
from the same lot of milk, pasteurized and cooled in the glass-
stoppered bottles in which the cultures were to be grown, and 
were handled in exactly the same manner except for the 
amount of inoculating material used; they were grown at 210 C. 
As soon as the cultures were observed to be firmly curdled they 
were removed to the cooler. After the slowly coagulated cul-
ture was thoroly cooled, the comparisons were made by a judge 
who did not k"now the identity of the cultures. 
Three cultures were studied in the comparison of rapid and 
slow coagulation and each was carried thru 25 trials. Altho 
the difference between the two starters was often· very small, 
the results obtained seem to be decidedly in favor of rapid rip-
ening; out of the total 75 comparisons, the rapid coagulated 
culture was placed first 64 times (85 percent), while the slow 
coagulated culture was placed first 11 times (15 percent). The 
results obtained with the different starters were quite uniform. 
The percentage of the comparisons with each starter in which 
the rapid coagulated culture was placed first was 92, 76 and 88 
percent, respectively. 
DISCUSSION OF RESULTS 
The results obtained show that acid production in a starter 
was more rapid with a restricted air supply than with an abun-
dant air supply, and that the flavor and aroma of a starter were 
also influenced by the air supply, altho less definitely than the 
acidity, since the conditions under which the mother culture 
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was carried seemed to be a factor in the effect. It does not 
as yet seem probable that the question of air supply need 
be given any consideration in the carrying of start-
ers; the results obtained, however, show that contain-
crs in which mother cultures are carried need not be 
full and it is possible that there may be an advantage in not 
having them full. In this connection it is of interest to recall 
the old process of agitating cream during its ripening in the 
making of fancy butter; it is possible that this practice had 
some influence on the rate of acid development and also on the 
flavor and aroma production. 
'l'he wide range of temperature over which good starters 
were secured-from 18° to 32° C.-is rather surprising, but 
should not change the temperatures at present in use for the 
growing of starters. 'fhe temperatures that seem to be most 
commonly employed are 20° to 21° C. At these temperatures 
a reasonably rapid growth is secured, while at temperatures 
several degrees lower growth becomes rather slow. Tempera-
tures above 20° to 21° C., while yielding good starters, are less 
satisfactory from the bacteriological standpoint for carrying 
starters since the organisms resisting pasteurization are much 
more likely to cause undesirable changes at the higher tempera-
tures, due to their rapid growth. This is illustrated by the 
greater difficulty encountered' from such organisms in growing 
L. btdga1'ictts at temperatures of 35° C. or above, than in grow-
i~g starters at the usual temperatures, altho possibly other fac-
tors playa part in this difference. 
The fact that better starters were secured at a constant tem-
perature than at an irregular temperature supports the idea 
practiced by many, that the ripening temperature should be 
rather constant. It also emphasizes the necessity of carefully 
controlling temperatures in the carrying of starters and indi-
cates that the temperature problem is not settled properly by 
simply adjusting the temperature at the time of inoculation. 
'fhe difficulty of temperature control during the ripening pe-
riod is greatly influenced by the insulation and general con-
struction of the equipment available and the difference between 
the temperature of the room and that desired for the culture. 
The advantage of rapid coagulation over slow coagulati on is 
rather striking. 'fhis advantage may be due to the lessened 
chance for the growth of the organisms resisting pasteurization 
in the case of the rapid coagulation since these organisms are 
for the most part rather susceptible to acid and accordingly 
their growth would be quickly interfered with in the case of 
the quick production of acid. It is possible that rapid coagu-
lation might show little or no advantage in the case of milk 
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of a very excellent quality bacteriologically. The use of rapia 
coagulation is of course difficult in many plants unless thc 
milk for the starter is available early in the day. 
CONCLUSIONS 
1. The air supply influenced the rate of acid development 
in a starter. Acid production was more rapid with a restricted 
air supply than with an abundant air supply. 
2. The air supply influenced the flavor and aroma develop-
ment in a starter. The exact effect was not as definite as the 
effect on the acid and was appar~tly, in part at least, depend-
dent on the conditions under which the mother culture was car-
ried. 
3. Good starters were developed over a wide temperature 
range-at least from 18° to 32° C. Altho a rapid acid develop-
ment occurred, good starters were not secured at 37 ° C. and the 
fermented material could hardly be called a starter. 
4. When set at a temperature of 32° C., which was known 
to yield good starters, cultures developed at a constant tem-
perature were more satisfactory than those developed at an ir-
regular temperature. In 87 comparisons the constant tempera-
ture gave the better starter in 70 percent of the trials. The 
drop in the temperature of the culture that was not kept con-
stant was from 7° to go C. 
5. In comparisons between rapid and slow coagulation at 
21 ° C. rapid coagulation (from six to eight hours) gave the bet-
ter starter more frequently than slow coagulation (from 16 to 
20 hours). Out of 75 trials in which three starters were em-
ployed, the rapidly coagulated cultures were placed first in 85 
percent of the comparisons. 
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Part II- Aceton.e in Distillates from Starters and 
from M ilk 
By F. F. SHERWOOD AND B. 'V. HAMlIIER 
Recent investigations on starters have shown that volatile 
acids are produced in rather large amounts during ripening and 
that these are of considerable importance from the standpoint of 
flavor and aroma development. 'fhe lactic acid present in start-
ers influences the flavor, and, altho odorless, probably plays a 
part in the aroma production since it undoubtedly tends to keep 
the volatile acids from combinations with the milk constituents. 
'1'here is, however, no reason to believe that acids are entirely 
responsible for the flavor and aroma of starters and according-
ly attempts are being made by the dairy section of the Iowa 
Agricultural Experiment Station to determine the presence of 
other volatile compounds. The results obtained on a compound 
distilled from starters and also from milk: and found to be 
acetone are reported herein. 
METHODS 
The iodoform test and a colorimetric test for acetone using 
salicylic aldehyde were regularly employed in examining the 
distillates from starters and from milk; these were carried out 
as follows: 
I odoform test : To one C.c. of the liquid to be tested were 
added three drops of N aOH (one to ten) and the mixture thoro-
ly shaken; to this, a solution of iodine (one part iodine and five 
parts KI in 15 parts cold H 20) was carefully added until a 
slight yellow color persisted. 
The test was allowed to stand two or three minutes and the 
presence or absence of iodoform noted. After standing several 
hours or over Ilight, the material was filtered to remove any 
iodoform present and the filtrate heated to 60° C. and again 
treated with the iodine solution, after which observations were 
made. 
Colorirnetric test for acetone t~sing salicylic aldehyde!: One 
c.c. of the liquid to be tested was measured into a large test tube 
and one c.c. of water added. Two C.c. of KOH solution (100 
grams KOH in 60 C.c. of H 20) were added, the mixture thoroly 
shaken and then one c.c of 110 percent salicylic aldehyde in 95 
percent alcohol added. The test tube was immediately placed 
in a water bath at 45-50° C. for exactly 20 minutes (shaken 
several times during the heating) after which it was removed, 
'Frank A. Csonka. A colorimetric method for the determination of acetone in urine. 
Jr. BioI. Chem. 27. (1916) p . 209. . 
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cooled, diluted to 25 C.c. with distilled water, and observations 
on the presence of the red color made at once. Known solutions 
of acetone in water were usually tested similarly and synchron-
ously and used as standards in securing information on the 
amount of acetone in the liquids being investigated. 
'rhe starters used were grown at temperatures approximating 
20-21 0 C. 
EXPERIMENTAL 
In the attempts to secure volatile compounds other than 
acids from starters, the preliminary trials consisted of distilling 
about two quarts of each starter with steam and collecting 
35 C.c. of distillate. The formation of esters of ethyl alcohol in 
the ripening of such products as cheese suggested the presence 
of ethyl alcohol in starters and accordingly the distillates were 
.: ested with the idoform test. Positive tests were regularly se-
. lUred in the cold. When the precipitates were r emoved by fil-
tering, the filtrates heated to 60 0 C. and more iodine solution 
added, no additional precipitates were formed. 
Another set of preliminary trials was carried out in which 
distillates in 35 c.c. amounts were obtained from about two 
quarts of each starter and treated with CaC03 to fix any vola-
tile acids present, after which they were redistilled and 10 C.c. 
of distillate collected from each. In all cases these second dis-
tillates gave the idoform t est in the cold with no further pre-
cipitation after filtering, heating and adding more iodine solu-
tion. 
After the initial trials 'had shown rather definitely that some 
compound giving a positive iodoform test was present in start-
ers, checks were run on un inoculated milk from the lots used in 
making starters. About two quarts of milk were distilled wit4 
steam and approximately 35 C.c. of distillate collected as with 
the starters; positive iodoform tests were r egularly secured on 
the milk distillates and the amounts of precipitate obtained 
were quite comparable with those secured when the starters 
were distilled. 
More definite information as to the nature of the volatile 
compound apparently present in starters and in milk seemed 
necessary before the work could be advantageously continued~ 
Mulliken2 states that isopropyl alcohol and acetone give good 
precipitates of iodoform immediately in the cold with the iodo~ 
form test. On the assumption that the distillates studied haq. 
contained acetone, other distillates were prepared and tested 
. for this compound colorimetrically with the salicylic aldehydb 
method. In all cases the results were positive. The color 
changes secured with both the check distillates and distillates 
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from starters were like those secured with a highly diluted 
aqueous solution of acetone; diluted isopropyl alcohol gave no 
color change when examined with the salicylic aldehyde 
method. 
Large quantities of starter were also distilled in a 10 gallon 
milk can provided with a cover having t,to metal tubes thru it, 
one for the entrance of a tube carrying steam to the bottom 
of the can and the other for connecting to a glass tube leading 
to the top of a water cooler con lenser. About five gallons of 
starter, prepared by pasteurizing the milk and growing the 
starter organisms in the can, were employed in most of the dis-
tillations. A burner was used under the can so as to prevent 
the condensing of excessive amounts of steam. A number of 
lots of starter were distilled and all the distillates gave the 
iodoform test. The amount of precipitate thrown down by a 
small portion of the distillate when subjected to the test de-
creased rather rapidly as the distillation was continued and 
usually after about 500 c.c. had been recovered the material 
passing over failed to give the iodoform test. 
Altho the rapid removal of the acetone from milk distilled 
with steam suggested that it was actually present in the milk 
and was not being formed during the distillation by chemical 
decompositions, a series of distillations was carried out in 
which the milk was heated to only comparatively low tempera-
tures, usually from 60° to 66 ° C. The milk being distilled, about 
one quart in each determination, was held in a flask set in a 
pan of warm water and an outlet tube carried to the bottom of 
a r~ceiving flask submerged in ice water. Air entered the flask 
of milk thl'll a Folin tube and was drawn out by suction applied 
to the top of the receiving flask. The water evaporating from 
the milk seell!ed to be very largely condensed in the receiving 
flask or in the tube leading to it; from the latter it was drawn 
into the flask by the air current maintained. When the distilla-
tion was started little trouble was experienced with foaming 
of the milk, but as the operation was continued there was more 
'ind more of a tendency for foam to accumulate until there was 
langeI' of it passing over into the receiving flask. Usually two 
flours of distillation yielded from 4 to 1'0 C.c. of distillate, whieh 
was as much as was required for examination with the idoform 
test and with the salicylic aldehyde method. 
Nine samples of raw milk from four different producers were 
distillated with the low temperature apparatus. Most of the 
samples were secured within a few hours of production and 
were either distilled at once or held at a low temperature until 
distilled so that appreciable bacterial action was impossible. 
All of the distillates gave the iodoform test and also positive 
results with the salicylic aldehyde method. Only one sample 
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cf pasteurized milk was studied with the low temperature dis-
tillation because of the great tendency of pasteurized milk to 
foam; this gave the same results as the samples of raw milk. 
The examination of distillates secured from milk at both 
hoiling temperatures and temperatures near 66° C. indicated 
that there was considerable variation in the amount of precipi-
tate thrown down when the iodoform test was applied. In or-
der to secur e information on the milk of individual animals 
eight cows were selected and one quart of milk from each iced 
as soon as it was drawn. Each sample was then distilled with 
steam until 35 c.c. of distillate were secured. The distillates 
were treated with a small amount of CaCOa and then redistilled 
and 10 c.c. collected. Seven of the distillates gave the iodoform 
test while one did not; the samples giving the test showed a 
rather variable amount of precipitate. The salicylic aldehyde 
method was positive on all the samples giving any considerable 
precipitate with the iodoform test. These results, altho very 
limited, suggest that milk from individual animals may show 
somewhat variable amounts of acetone or that acetone may 
even be absent. 
With definit(l information on the presence of acetone in start-
ers and in the milk from which they were prepared, the im-
portance of knowing whether or not the amount was increased 
during the fermentation became evident. The salicylic alde-
hyde method was used for making the comparisons, solutions of 
acetone of known strength being employed as standards. It 
seemed probable that this procedure would give fairly satisfac-
tory results altho no very great accuracy was expected. 
A series of determinations on the comparative amounts of 
acetone in milk and in the starters prepared from it was car-
ried out. The amount of milk or starter distilled with steam 
for each test was approximately two quarts, and from this 35 
c.c. of distillate was secured. This distillate was treated with 
CaCOa, redistilled and 10 c.c. of distillate collected. The data 
secured, which are given in table I, show that there was no 
definite change in the acetone content of milk during its fer-
mentation by the starter organisms. In some instances with 
certain starters the acetone content seemed to be increased 
while with others the acetone content seemed to be decreased. 
The changes in the amount, however, could hardly be consid-
ered of significance in view of their variability and accordingly 
the conclusion that follows is that there was no significant 
change in the acetone content during the fermentation of milk 
by the starter cultures used. 
rrrials were also carried out using pure cultures of the organ-
isms present in starters in 1000 c.c. volumes of sterile milk, col-
lecting 35 c.c. of distillate by steam distillation, and then treat-
TABLE I. ACETONE IN DISTILLATEt FROM STARTERS AND CHECK LOTS OF MILK 
---C-h-;'ck Trial A 0 
"" 
" 
.... ~ 
"" 
I 
"" 
I I E~ I "" o:!l ~ ·1 .;:; .;:; Kl .;:; Acetone in Acetone ~~ .. .. ~ ·C * distillat. * in distillate . ~ ~O 
* 
¢Y rn E-<S ~ rn" 
1 I Whole .18 11 part in 2 MM 
23
1 
. 79 I part in 2 MM 1 114 I .7:! 
2 I .. . .19 \ Less than 1 pt. in IMM  .77 I part in 1 MM 23 .8:! 
3 I .. .17 1 part in 1 MM 122 .54 1 part in 1 MM 122 I .6!l 
4 Skim . 16 2 parts in 1 MM 23 \ .69 1 part in 1 MM I I 
5 Who'e .,19 I 2 + parts in 1 MM 99 .83 2+parts in IMMI 122 I .76 
6 .. .19 12+parts in 1 MM 23 \ 1. 04 2+parts in 1 MM 103 1 1.00 
7 " .17 1 part in 1 MM 99 . 78 l+part in 1 MM 114 .90 
8 Skim .18 1 part in 2 MM 99 1 .85 1 part in 2 MM I 103 I .bl 
9 I .. .18 1 part in 1 MM 99 .81 2 parts in 1 M~·1 103 _ _ . 8~ 
tFor concentration of distillate see description of experiments. 
'Calculated as lactic acid. 
Tr'al B 
I 
~ \ Acetone ~o in distillate 
rn" 
1 part in 2·-MM \ 143 1 
1 part in 1 MM 23 
1 part in 1 MM I 122 
I I 
2+parts in 1 MM\143 I 
2 parts in 1 M,M ) <) .~ I 
l+part in 1 MMI 122 I 
1 part in 1 MM \ 122 I 
2 parts in 1 MM 122 
--T,·ial C ._---
""I 
.~ , 
Acetone ~ . in dist illate 
.hU 11 par< .n 1 nUl 
.89 1 part in 1 MM 
.78 1 part in 1 MM 
.82 12 parts in 1 M:cvJ 
. !tl 2 parts in 1 :cvJM 
.71 1 part in 1 MM 
.76 1 part in 1 MM 
70 1 part in 1 MM 
. 
f-' 
_1 
-:j 
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TABLE II. ACETONE IN DISTILLATESt FROM CULTURES OF STARTER 
ORGANISMS AND CHECK LOTS OF MILK. ROOM TEMPERATURE 
INCUBATION 
Culture 
Check 
S. lac tis 
Series A S 
" ] ..... 2:: 
"" Culture 
" 
s:::.:: 
* 
.8-;:; 
<~ 
* 
rics B 
"0 
'0 
" 
* 
* 
" .... }j 
" " r: :....: 
.. q ·Z 
"'" ...::tl 
Series C 
Culture 
"0 
'" " 
* 
* .20 1 part in Check .21 1 p;,:;;;;;-Ch-e-co-k----'--.18~ll~+,-P,-· a-rt-c-fn 
1 MM 2. 5 MM I 1 MM 
. 98 1 i~~r s. lactis .65 1 f~n S . lac tis .97 1 r~~n 
S. cremoris .92 1 part in S. lachs .61 1 part in S. cremo";s . 99 I 1 part i:l 
1 MM 2MM I 1 MM 
S. cU,-ovon,s . 22 I 1 part in S. lactis .72 / 1 part in / I 500 M 1.5 MM 
S. paraci- . 33 / 1 part in S. llaraci- .50 1 part in S. pa"aci- .46 1 1 part in 
h'ovortls 1 MM t,-ov o,."s / 1.5 MM trovor"s I 1 MM 
S. pe,raci- .36 1 part in S. paraci- .48 1 part in S. pan,ci- .37 / 1 part in 
trovurllS 500 M t"ovortls I 1.5 MM t,-ov on,s 1 MM 
tFor concentration of dis tillate see description of experiments. 
*Ca!culated as lactic acid. 
ing this with CaC03 and redistilling until 10 C.c. of distillate 
were secured. The results obtained are given in table II and 
from these it is evident that none of the organisms studied, which 
included S. lactis, S. cremoris, S. citrovOl'us and S. paracitro-
vorus, produced any significant amount of acetone. There was 
a certain variation in the results obtained on a given lot o£ milk 
with different organisms, but this was rather to be expected 
when the type of method used for getting the amount of 
acetone is considered, and no great importance can be attached 
to it. 
The distillates from a number of lots of milk not employed 
in starter making were examined for the amount of acetone 
present by the salicylic aldehyde method and the results ob-
tained agree with those found for the check lots in tables I 
and II. 
lt should be n oted that the values given for acetone in 'tables 
I and II apply to the distillates in which the acetone was' much 
more concentrated than in the milk or starter from which the 
distillates were secured. 
DISCUSSION OF RESULTS 
The finding of acetone r egularly in small amounts in normal 
mixed milk is in agreement with the results reported by Eng-
feldP and others whose work is referred to by him. The pres-
ence of acetone in milk shcmld perhaps be expected because of 
its presence in blood, urine and other body fluids. 'l'he f ew r e-
sults herein reported for thc milk of individual animals sug,'gest 
that there may be considerable variation in the acetone content 
of milk, altho these variations are presumably somewhat elimi-
3M. O. Engfeldt. Skand. Arch. Physiol. 32, (1915) p. 258. Abotl'act in Chern. Abo. 
9, p . 2100, p. 2548. 
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nated in herd milk. It is perhaps to be expected also that the 
milk of certain animals may occasionally be free from acetone. 
The general results obtained indicate that acetone was pres-
ent in starters, but that the amounts present were quite like 
the amounts in the milk from which the starters were prepared, 
30 that there was no significant acetone production during the 
ripening of the starters; milk fermented by pure cultures of the 
organisms found in starters also showed no significant increase 
in acetone. In some instances slightly higher acetone values 
were secured on fermented milks than on the check lots, but in 
other instances lower values were obtained and when the limi-
tations of the method of determination are taken into account, 
it is evident that definite changes in the acetone content did not 
Jccur. '1 his indicates that the acetone content of starters is to 
be attributed to acetone present in the milk used for making 
the starters rather than to bacterial growth. 
CONCLUSIONS 
1. Acetone was regularly present in mixed milk and in 
starters. 
2. The acetone content of starters was quite comparable to 
that of the milk from which the starters were prepared and 
was undoubtedly to be attributed to the acetone present in the 
milk. 
3. Pure cultures of the organisms found in starters did not 
fJignificantly influence the acetone content of milk in which 
'-ley were grown. 
